Abstract. In this paper we present and analyze CCD U BV RI photometry in the region of the three young open clusters NGC 3114, Collinder 228, and vdB-Hagen 99, located in the Carina spiral feature. NGC 3114 lies in the outskirts of the Carina nebula. We found 7 star members in a severely contaminated field, and obtain a distance of 950 pc and an age less than 3 × 10 8 yrs. Collinder 228 is a younger cluster (8×10 6 yrs), located in front of the Carina nebula complex, for which we identify 11 new members and suggest that 30% of the stars are probably binaries. As for vdB-Hagen 99, we add 4 new members, confirming that it is a nearby cluster located at 500 pc from the Sun and projected toward the direction of the Carina spiral arm.
Introduction
This paper continues a series dedicated at presenting CCD U BV RI photometry for all the known and/or suspected open clusters in the Carina complex (Janes et al 1988) . According to Feinstein (1995) the region around η Carinae contains 14 open clusters, some of which still remain very poorly studied. For most of them no CCD photometry was available when we started our survey. In Carraro et al (2001) we discussed NGC 3324 and Loden 165, concluding that the latter has probably no relation with the Carina Complex, being much older and closer to the Sun than the bulk of the other clusters. In we studied Bochum 9, 10 and 11, suggesting that Bochum 9 is a doubtful object, while Bochum 10 and 11 are two young and poorly populated open clusters. In this work we present results for NGC 3114, Collinder 228 and vdB-Hagen 99, for which to our knowledge no multicolor CCD photometry is available. The aim is to provide accurate photometry for all these Send offprint requests to: G. Carraro (carraro@pd.astro.it)
⋆ Based on observations taken at ESO La Silla. Data are available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) clusters, in order to derive precise age estimates. This is important to infer global properties and to study the clusters formation history in the very interesting Carina region. The layout of the paper is as follows: Sect. 2 presents very briefly the data acquisition and reduction. In Sect. 3 we discuss the open cluster NGC 3114. Sect. 4 is dedicated to Collinder 228, whereas Sect. 5 deals with vdB-Hagen 99. Our conclusions are summarized in Sect. 6.
Observations and Data Reduction
Observations were conducted at La Silla on April 13-16, 1996, with the 0.92m ESO-Dutch telescope. The observations strategy, the data reduction, the error analysis and a Table 2 . Journal of observations of NGC 3114 (April 13, 1996 ), Collinder 228 (April 14 , 1996 , and vdB-Hagen 99 (April 15, 1996) . comparison between CCD and photoelectric photometry have been presented in , which the reader is referred to for any detail. Finally, all the data are available upon request to the authors. 
The open cluster NGC 3114
NGC 3114 is a sparse open cluster projected onto the outskirts of the Carina complex, in a fairly rich Milky Way field. Its membership to the Carina complex is actually 
Previous results
NGC 3114 was studied several times in the past. The first investigation was performed by Jankowitz and McCosh (1963) , who obtained photographic U BV photometry for 171 stars and photoelectric U BV photometry of 52 stars down to V = 13 mag. They estimated that the cluster is 910 pc distant from the Sun, has a mean visual extinction E(B − V ) = 0.27, and an age between 6 × 10 7 and 2 × 10 8 yrs. Afterward Schneider & Weiss (1988) got Strömgrem photometry of 122 stars down to V = 12 mag. This study strongly revises the cluster reddening, which the authors suggested to be E(B − V ) = 0.03. More recently, Sagar & Sharpless (1991) enlarged the sample of the measured stars, obtaining BV CCD photometry of about 350 stars up to V = 16 in seven 3 ′ .6 × 5 ′ .4 regions located quite far from the cluster center, where the contamination is expected to be more important. By assuming the reddening estimate suggested by Schneider & Weiss (1988) , they found a cluster distance of 940±60 pc, in agreement with Jankowitz and McCosh (1963) , and an age of 1 − 2 × 10 8 yrs. Finally, Clarià et al (1989) estimated the cluster mean chemical abundance from UBV, DDO and Washington photometry of an handful of giant stars, finding that NGC 3114 is basically as metal rich as the Sun ([F e/H] = − 0.04 ± 0.04).
The present study
We provide U BV RI photometry for 2060 stars in a 3
′ .3 × 6 ′ .5 region centered in NGC 3114, up to about V = 22. The region we sampled is shown in Fig. 1 , where a DSS 1 map is presented. According to Jankowitz and McCosh (1963) the cluster should have a diameter of 32 ′ , although this estimate is rather uncertain, due to the difficulty to isolate the cluster from the field. Anyhow, the cluster seems to be rather extended, and our photometry covers only the central region, with no overlap with Sagar & Sharpless (1991) photometry. The CMDs for all the measured stars in the planes V − (B − V ), V − (V − I) and V − (V − R) are shown in Fig. 2 . In the cluster center there are no stars brighter than V = 10.0. Therefore, with respect to Sagar & Sharpless (1991) , who provided the deepest photometry before our study, we do not find any indication of a Red Giant (RG) clump (see Fig. 9a in Sagar & Sharpless 1991) .
The Main Sequence (MS) extends from V = 10 up to V = 22, and gets wider at increasing magnitudes. Several causes concur to broaden the MS: the presence of unresolved binary stars, the photometric errors and the contamination of fore-ground and back-ground stars. A probe of the heavy contamination is the Galactic disk RG branch population, readily recognizable in the almost parallel sequence which departs from the MS at V ≈ 20. This is a common feature in the CMDs of stellar fields in the direction of the Carina spiral arm (see Vallenari et al 2000) .
We have 10 stars in common with Jankowitz & McCosh (1963) , which are listed in Table 3 . The mean differences turn out to be:
where CP indicates our photometry, and JM stands for Jankowitz & McCosh (1963) . Taking into account the different techniques used in extracting the photometry, the agreement is good for both magnitude and colors. We do not report the difference between the (U − B) colors, since Jankowitz & McCosh (1963) measured the color (U c − B), with the filter U defined in the Cousin system. This is quite different from the standard Johnson (U − B), and the authors do not provide the Johnson color for the stars listed in Table 3 .
Reddening
In order to obtain an estimate of the cluster mean reddening, we analyse the distribution of the stars in the (B − I) − (B − V ) plane, which is shown in Fig. 3 . The linear fit to the main sequence in the (B −I)−(B −V ) plane, can be expressed in terms of E(B − V ) for the R V = 3.1 extinction law as
following the method proposed by Munari & Carraro (1996a,b) . This method provides a rough estimate of the mean reddening and, as amply discussed in Munari & Carraro (1996a) , can be used only for certain color ranges. In particular Eq. 2 holds over the range −0.23
. A least squares fit through the stars brighter than V =17 gives Q = 0.041, which, inserted in Eq. 2, provides E(B − V )=0.17±0.12. The uncertainty is rather large, and is due to the scatter of the stars in this plane, which indicates the presence of stars with different reddening, presumably a mixture of stars belonging to the cluster and to the field.
To better derive the reddening distribution and identify cluster members, we plotted all the stars brighter than V = 17 in the two color diagram of Fig. 4 . With filled circles we indicated stars having a common low reddening E(B − V ) = 0.07±0.03. They lie very close to the unreddened empirical ZAMS (solid line) taken from SchmidtKaler (1982) . Open triangles represent all the other stars, which exhibit a much larger reddening. These stars do not suffer from the same amount of reddening. To have an idea of the reddening of the field stars we have overimposed the same ZAMS, but shifted by E(B − V ) = 0.20 (dashed line), and by E(B − V ) = 0.60 (dotted line), respectively. In conclusion, two populations seem to exist: seven stars sharing a common low reddening, which are presumably cluster members, and all the other stars having larger reddening, which are field stars.
Age and distance
We estimate the age of NGC 3114 by studying the reddening corrected CMDs (see Fig.5 ). In this plot filled circles are our candidate members, whereas empty circle are field stars. The bulk of this latter is fitted by a ZAMS shifted by (m−M) = 12.50 (dashed line), basically at the distance of the Carina spiral arm. Nevertheless, there seem to be stars located basically at any distance between us and the Carina spiral arm, confirming previous indications that the cluster is heavily contaminated by stars from the Galactic disk field. The candidate members form a tight sequence, close to a ZAMS shifted by (m-M)=9.80 (solid line). In order to estimate the cluster age, we over-imposed a solar metallicity isochrone (dotted line) from Girardi et al (2000) , for the age of 3 × 10 8 yrs. In fact, the brightest members lie off the ZAMS, and are clearly leaving the MS.
In conclusion, NGC 3114 is a rather poorly populated star cluster, heavily contaminated by field stars. From the study of the cluster candidate members (see Table 4 ), in our field we derive a reddening E(B − V ) = 0.07±0.03 and 
The open cluster Collinder 228
Collinder 228 was discovered by Collinder (1931) (Smith et al 2000) . Therefore we expect the cluster to be dominated by back and foreground stars contamination. Differential reddening is also expected, since the cluster is surrounded by a large nebula (see Fig. 6 ). Feinstein et al. (1976) reported on U BV photoelectric photometry of 99 stars in the region of Collinder 228. They found that the bulk of the cluster is located in front of the complex of Trumpler 14 and 16, at about 2.5 kpc from the Sun. They also pointed out that some stars in the field of Collinder 228 might be members of that complex and hence more distant than the cluster. They assign to Collinder 228 an age of 5 × 10 6 yrs. While the bulk of the stars is closer and has a mean reddening E(B − V ) = 0.30, the stars lying beyond the cluster have a larger reddening E(B − V ) ≈ 0.50. Tapia et al (1988) obtained JHKL near-infrared photometry of 200 stars in the η Carinae region, which comprises Trumpler 14, 15, 16 and Collinder 228 and 232. Out of these, 45 are in the field of Collinder 228. By analyzing the two color diagrams, the authors concluded that this cluster is 2.09 ± 0.38 kpc far from the Sun, and hence closer to us than the bulk of η Carinae region population. Moreover they found that the mean reddening is E(B − V ) = 0.64±0.26, much larger than the value previously reported by Feinstein et al. (1976) .
Previous results
Finally, a radial velocity survey has been conducted by Levato et al (1990) , who suggested that 30% of the cluster stars are binaries. 
The present study
We provide U BV RI photometry for about 1100 stars in a 3
′ .3 × 6 ′ .5 region centered in Collinder 228, up to about V = 21. The covered region is shown in Fig. 6 .
The CMDs for all the measured stars are shown in Fig. 7 in the planes V −(B−V ), V −(V −I) and V −(V −R). The MS extends from V = 10 down to V =21. As for NGC 3114, the MS gets wider at increasing magnitude, and there is evidence of a secondary sequence on the red side of the MS, generated by the RG stars in the field.
We have 5 stars in common with Feinstein et al (1976) , which are listed in Table 5 . The mean differences turn out to be:
where CP indicates our photometry, and F M F stands for Feinstein et al (1976) . Taking into account the different techniques used in extracting the photometry, the agreement is very good both for magnitude and colors.
Reddening
In order to obtain a rough estimate of the cluster mean reddening we consider the distribution of the stars Feinstein et al (1976) . The suffix CP refers to the present study, whereas F M F indicates Feinstein et al (1976) photometry. brighter than V = 17 in the (B − I) vs (B − V ) plane (see Fig. 8 ). The selection in magnitude is done to limit the field stars contamination. By applying the same technique described in Section 3.3, we find that the bulk of stars have E(B − V ) = 0.40±0.20. The uncertainty is due to the scatter of the stars in this plane, and indicates the presence of stars with different reddening, in agreement with Feinstein et al (1976) findings. We use the (U − B) − (B − V ) diagram for all the stars brighter than V = 17 to separate cluster candidate members (see Fig. 9 ). The solid line in this plot represents the empirical un-reddened ZAMS from Schmidt-Kaler (1982) , whereas the dashed line is same ZAMS, but shifted by E(B − V ) = 0.30. Two distinct populations seem to exist. With filled circles we plotted all the stars having E(B −V ) = 0.30±0.05, and we shall refer to them as to cluster candidate members. A second population is defined by stars having larger reddening and is plotted with open triangles. All these stars are probably just field stars. These findings confirm Feinstein et al (1976) results.
Age and distance
In Fig. 10 we plot the reddening corrected CMDs for the stars of Collinder 228 having E(B − V ) = 0.30±0.05 (i.e. the candidate members). They actually seem to form a tight sequence, confirming our suggestion that they are good candidate members. Over-imposed is a theoretical solar metallicity isochrone (solid line) from Girardi et al (2000) for an age of 8×10 6 yrs. The same isochrone has been shifted by 0.75 mag (dashed line) to have an idea of the MS broadening due to unresolved binaries. It is well known, in fact, that binary stars define a sequence 0.75 mag brighter than the single stars MS. This permits us to suggest that five stars (indicated by open circles) are probably non members, and that the four stars which lie close to the binary sequence are probably unresolved binaries. All the stars fainter than V = 10.5 in these plots have not been measured by Feinstein et al (1976) , and hence we provide 11 new candidate members. As a by-product, we infer an apparent distance modulus (m−M) = 12.55±0.25, which, once corrected for extinction, provides a distance of 1.9±0.2 kpc, in agreement both with Feinstein et al (1976) and with Tapia et al (1988) . This corroborates the conclusion that Collinder 228 is closer to us than the Carina nebula complex.
In conclusion, in the observed region we identified 14 members, 3 in common with Feinstein et al (1976) and 11 new, whose properties are summarized in Table 6 . Out of these, 4 are probably binaries. Unfortunately, there is no overlap between our suggested binaries and the study of Levato et al (1990) . Only two stars are in common: HD 305543, which is a member and HD 305451, which probably is a field star. Nevertheless our result, which comes from photometry, although based on a small sample confirms their spectroscopic investigation that about 30% of the member stars are probably unresolved binaries. 
The open cluster vdB-Hagen 99
ID X Y V (B − V ) (U − B) (V − R) (R − I) 4
Previous investigation
vdB-Hagen 99 was studied by Landolt et al (1990) , who emphasize the importance of this cluster due to the probable membership of four known or suspected variables. They obtained multicolor broad-band U BV RI photoelectric photometry for 48 stars, and intermediate-and narrow-band photometry for 56 stars up to V = 12. Moreover they obtained spectra for 21 stars in the region of the cluster and additional photometry for 11 fainter stars, with 13 ≤ V ≤ 16. The main results of their investigation are that vdB-Hagen 99 is a sparse open cluster with at least 24 candidate members. The real existence Landolt et al (1990) .
of the cluster is argued on the basis of the narrow sequences the bright stars form in different color-color diagrams. Although dominated by variable extinction, vdBHagen 99 has a low mean reddening E(B − V ) = 0.05. Moreover it is 10 8 yrs old and at a distance of about half a kpc. Finally it contains 8 photometric variables.
The present work
We obtained CCD U BV RI photometry for 900 stars in the region shown in Fig. 11 , up to V = 20. Our survey supersedes the previous one, whose limiting magnitude was about V = 12.
The measured stars are shown in Fig. 12 , in the planes V − (B − V ), V − (V − I) and V − (V − R). These CMDs resemble those of NGC 3114 (see Fig. 2 ) and Table 7 . Photometry of the stars in the field of the open cluster vdB-Hagen 99 in common with Landolt et al (1990) . The name of the stars follow Landolt et al (1990) . The suffix CP refers to the present study, whereas LP LM indicates Landolt et al (1990) photometry.
ID
Name Collinder 228 (see Fig. 7 ), with a MS extending from V = 10 up to V = 20 and with some evidence of the RG branch of the field stars population. The similarity is not surprising, since all the clusters are projected toward the Carina spiral arm.
We have 6 stars in common with Landolt et al (1990) , which are listed in Table 7 . The mean differences turn out to be:
where CP indicates our photometry, whereas LP LM stands for Landolt et al (1990) . Taking into account the different techniques used in extracting the photometry, the agreement is very good both for magnitude and colors. 
Reddening
To have an idea of the cluster mean reddening we selected all the stars brighter than V =17, and use their position in (B − I) − (B − V ) plane, following the method described in Section 3.3. The least squares fit yields E(B − V ) = 0.10±0.08. Again, the large uncertainty is due to the scatter of the stars in this plane, and indicates the presence of stars with different reddening, as already argued by Landolt et al (1990) .
Candidate members can be searched for by considering the color color diagram in Fig. 14 , where filled circles represent stars having E(B − V ) = 0.04±0.03, whereas open circles indicate stars having larger reddening. Tentatively, we suggest the possibility that two distinct populations are actually present: a group of eight bright stars which have the same low reddening (filled circles), and all the other stars which have a larger reddening with a significant scatter. We argue that the brighter stars are candidate members of vdB-Hagen 99, whereas all the other stars having larger value of E(B − V ) (see Fig 14) are probably field stars.
Distance and age
In order to test this hypothesis, we construct the reddening corrected CMDs in the
o planes for all the stars for which we could obtain a reddening estimate (see Fig. 15 Landolt et al (1990) . The other 4 are probable new candidate members, and their properties are summarized in Table . 8. The remaining two common stars (CPD -58 2452 and VV Car) are red stars of GK spectral type belonging to the field. This way we increased the number of cluster members, suggesting that they are at least 28. Finally, the stars redder than vdB-Hagen 99 members are probably interlopers stars, located between us and the cluster. As for the age, most of the stars lie close to the ZAMS, with the exception of the brightest ones. This is an indication that the cluster is young, as already claimed by Landolt et al (1990) . To have an idea of the cluster age, we over-imposed in Fig. 15 a solar metallicity isochrone (dotted line) from Girardi et al (2000) for the age of 1.25 × 10 8 yrs, which nicely fits the evolved stars.
In conclusion, these results confirm that vdB-Hagen 99 is a young cluster projected toward the Carina spiral arm, at a distance of about 500 pc from the Sun. The mean reddening of cluster members turns out to be E(B − V ) = 0.04±0.03, in agreement with the findings of Landolt et al (1990) . 
Conclusions
In this paper we presented U BV RI CCD photometry for three young clusters in the direction of the Carina spiral feature: NGC 3114, Collinder 228 and vdB-Hagen 99. Our results can be summarized as follows:
• NGC 3114 lies in the outskirts of the Carina nebula, at a distance of 920 pc from the Sun. In the field we studied, we isolate 7 cluster members, which has a low reddening (E(B − V ) = 0.07±0.03) and a maximum age of 3 × 10 8 yrs.
• Collinder 228 is a younger (8×10 6 ) yrs cluster located in front of the Carina nebula complex. We identify 11 new candidate members and confirm that 30% of the cluster members are probably unresolved binaries.
• Finally, vdB-Hagen 99 is a loose open cluster about 10 8 yrs old, and with a fairly low mean reddening. We confirm previous results, and add 4 new members.
Putting together the results of this paper and those of previous works Carraro et al 2001) , the Carina complex turns out to be populated by very young clusters (like Collinder 228, NGC 3324 and Bochum 11) in its inner region, and by young or intermediate age objects (like NGC 3114, and Loden 165) in its outskirts. This confirms previous suggestions by Feinstein (1995) about the existence of an age gradient in the Carina complex. We shall discuss this issue in more details in forthcoming papers, when all the clusters observed in our survey will be analysed.
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